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Background Influenza epidemiology in Africa is generally not well understood. Using syndrome definitions to screen patients for laboratory confirmation of infection is an established means to effectively conduct influenza surveillance.
Methods To compare influenza-related epidemiologic data, from October 2010 through March 2013, we enrolled hospitalized severe acute respiratory infection (SARI; fever with respiratory symptoms) and acute febrile illness (AFI; fever without respiratory or other localizing symptoms) patients from three referral hospitals in Ghana. Demographic and epidemiologic data were obtained from enrolled patients after which nasopharyngeal and oropharyngeal swabs were collected, and processed by molecular methods for the presence of influenza viruses.
Results Of 730 SARI patients, 59 (8%) were influenza positive; of 543 AFI patients, 34 (6%) were positive for influenza. Both SARI and AFI surveillance yielded influenza A(H3N2) (3% versus 1%), A (H1N1)pdm09 (2% versus 1%), and influenza B (3% versus 4%) in similar proportions. Data from both syndromes show year-round influenza transmission but with increased caseloads associated with the rainy seasons.
Introduction
The general dearth of influenza surveillance in Africa limits accurate understanding of influenza epidemiology, [1] [2] [3] and in 2009, it contributed to the relatively late detection of the A (H1N1)pdm09 on the continent. 4 Influenza remains a major contributor to global morbidity and mortality resulting in approximately 500 000 deaths annually. 5 In West Africa, including Ghana, sentinel surveillance conducted in 2009-2010 detected influenza in 21-25% of samples from influenzalike illness and 9% of severe acute respiratory infection (SARI) patients. 6 With increasing diagnostic capacity and accelerated surveillance established throughout Africa in response to the 2009 pandemic, there is ample evidence that influenza is indeed prevalent, occurs throughout the year, and is culpable for an appreciable attributable burden of febrile illnesses. 4 In line with the objectives of its National Preparedness and Surveillance using syndrome definitions to screen patients for enrollment in sentinel sites is an effective means to describe the epidemiology and etiologies of both respiratory and undifferentiated febrile illness and can contribute to the appropriate delivery of public health interventions. 7, 8 Such surveillance for respiratory syndromes, including SARI, has been shown to effectively identify influenza cases, 9 and several studies have also confirmed influenza infection among hospitalized and non-hospitalized patients with undifferentiated febrile illness. 4, 7 In young children, influenza patients often present for medical treatment with only fever; 10 one recent study found that 19% of 106 influenza-positive hospitalized infants <3 months old had fever but no respiratory symptoms. 11 From October 2010 and March 2013, we concurrently conducted surveillance for severe acute respiratory infection and acute febrile illness (AFI) in three referral hospitals in Ghana to compare influenza-related epidemiologic data from the two syndrome-based surveillance platforms.
Methods

Ethical considerations
The study protocol was approved by the institutional review boards of the Ghana Health Service, US 
Site selection and study enrollment
Hospitalized patients were enrolled at three major referral centers ( Figure 1 ): Tamale Teaching Hospital in Ghana's Northern Region and Tema General Hospital and 37 Military Hospital both in the Greater Accra Region, southern Ghana. Serving both military and civilian patients, 37 Military Hospital is a teaching medical facility with 620 inpatient beds located in Accra. Also along Ghana's Atlantic coast, Tema General Hospital has 344 inpatient beds. Serving the Northern Region, Tamale Teaching Hospital can admit 320 patients. All sites participate in the National Health Insurance Scheme, which enables residents to obtain services without payment at the point of delivery.
Trained nurses and medical assistants conducted daily active surveillance by monitoring inpatient admission logs and then interviewing patients. After enrollment, study personnel collected risk factor and clinical information from patients using a standardized questionnaire stored on personal digital assistants. Trained laboratory staff collected biological specimens. Weekly, data were transferred from the devices to a central Microsoft Access â database. At least weekly (before data transfer) supervisors reviewed data for validation and data cleaning purposes. Following data migration automated checks were used to rectify any data collection errors.
Enrollment criteria
In SARI surveillance, we used multiple sets of enrollment criteria (Table 1) in an attempt to increase surveillance sensitivity for influenza. SARI case definitions for all potential patients included fever with respiratory symptoms. For SARI patients <5 years old, case definitions allowed for enrollment when patients presented with respiratory symptoms with or without fever. In AFI surveillance, we enrolled patients with a self-reported history of "high" fever with the illness or documented current fever ≥38°C and no obvious source of localized infection; patients with malaria were included. Patients meeting the enrollment criteria for SARI were excluded from AFI enrollment. For both SARI and AFI surveillance, neonates (≤31 days of age) were not enrolled because of local concerns about collecting biological specimens from this age group.
Specimen collection and testing
Nasopharyngeal and oropharyngeal swabs were collected from all enrolled patients. At surveillance sites after collection, swabs were placed in viral transport medium (VTM), 
Data analysis
Data were analyzed using EpiInfo 7. Fisher's exact test (2-tailed) was used to determine statistical significance of categorical variables. The Mann-Whitney-Wilcoxon twosample test, two-tailed (for non-normal distributions), was used to determine the statistical significance of medians. The Spearman's rank correlation test was used to determine association between monthly precipitation and caseloads. All P-values were considered significant if ≤0Á05. 
Results
Between October 2010 and March 2013, 730 SARI and 543 AFI patients were enrolled (Table 2) . Demographic characteristics of all SARI and AFI patients were similar, with median ages of 12 (range 0Á08-90) and 11 (range 0Á08-99) years, respectively (U = 197 380; P > 0Á99); median ages of SARI and AFI influenza cases were 7Á0 (range 0Á17-83) and 9Á5 (range 0Á75-47) years, respectively (U = 1003; P > 0Á99). Gender was not significantly different between either SARI and AFI enrolled patients or SARI and AFI influenza cases. The predominant age group in SARI (45%) and AFI (39%) patients was 1 month -<5 years old. Outcome data were unavailable for 53% and 50% of SARI and AFI patients, respectively. Collected outcomes covered patient discharges, absconders, transfers, and deaths. Almost half of missing outcomes were from patients <5 years old. Although 26 (2%) deaths were recorded among all enrolled patients (N = 1273), none were among SARI or AFI influenza cases.
Of all enrolled patients, 93 (7%) were positive for influenza. Among influenza-positive cases, virus characterization revealed 51 cases of influenza A (55%) (A(H1N1) 26%; A(H3N2) 29%) and 42 cases of influenza B (45%) ( Table 1 ). Influenza positivity rates among SARI (51/730, 8%) and AFI (34/543, 6%) patients were similar (P = 0Á23). Patients older than five years constituted 31 (31/59, 53%) SARI influenza cases and 26 (26/34, 77%) AFI influenza cases.
Although influenza A(H3N2), A(H1N1)pdm09, and influenza B were detected in both SARI and AFI patients, no patients were positive for seasonal A(H1N1) or A(H5N1). Circulating influenza subtypes were similar in SARI and AFI patients, but there was a significantly higher proportion of influenza A cases among SARI patients (38/730, 5%) than in AFI patients (13/543, 2%, P = 0Á01). Also, influenza A (H3N2) was more common among SARI patients (3%) than AFI patients (1%, P = 0Á03). There was no significant difference in the proportions of other subtypes between patients with the two syndromes.
Among SARI influenza cases, 58 (58/59, 98%) presented with current or history of fever and cough. Abnormal breath sounds (42%), chest pain (34%), and sputum production (29%) were also common among SARI influenza cases. Per the case definition, AFI influenza cases presented with current or history of fever but no known source of infection.
A comparison of 2011 and 2012 data shows SARI and AFI influenza cases have similar temporal distributions with cases peaking in June and August of each year (Figure 2) . Positivity rates showed peaks in June 2011 and August 2012. During the 2011 -2012 calendar years, the surveillance site in northern Ghana reported four (4/6, 67%) of its annual influenza cases in August 2011 and 11 (11/15, 73%) in August 2012 (Figure 3 ). The two sites in southern Ghana reported peak annual influenza cases (14/36, 39%) in June 2011 and June 2012 (6/23, 26%). During the study period, the southern sites had a significantly higher influenza positivity rate (71/756, 9%) than the northern site (22/517, 4%; P < 0Á001). Statistical testing showed that for all influenza cases, the timing of case peaks and rainfall, as reported by the Ghana Meteorological Agency, had a positive correlation (r s = 0Á50, P = 0Á01).
Discussion
During the study period, influenza regularly contributed to SARI and AFI among hospitalized patients in Ghana. Accurate determination of influenza epidemiology to support public health policy decisions is challenging, especially in countries relying solely on sentinel site surveillance data. Utilization of SARI case definitions alone for influenza surveillance, as is common practice, may substantially underestimate the number of hospitalized influenza cases because influenza-positive febrile cases often present with unidentified or non-respiratory symptoms.
In our study, with concurrent active SARI and AFI surveillance for 30 months, influenza in both SARI and AFI patients indicated influenza B (42/93, 45%) as the dominant influenza type in hospitalized patients in Ghana. During the study period, the World Health Organization reported the same influenza types and subtypes circulating in sub-Saharan Africa 12 as our surveillance detected. From our study, the similar circulating influenza types and subtypes among SARI and AFI patients show that the clinical signs and symptoms resulting from specific types and subtypes often overlap. Thus, our findings suggest SARI surveillance alone may demonstrate the influenza type and subtypes circulating in a given place during a given time period.
As almost all SARI influenza cases (98%) presented with (current or history of) fever and cough, a simplified SARI case definition would not have greatly reduced surveillance sensitivity for influenza within that syndrome. Other respiratory symptoms were present but less common among SARI influenza cases. Additional research can help inform decision-making on a simplified SARI case definition for influenza surveillance.
The substantial proportion (34/93, 37%) of influenza cases among hospitalized patients in Ghana detected using AFI surveillance and thus presenting without or with unidentified respiratory symptoms is notable. One 2009 sentinel surveillance study from Puerto Rico recorded 48% of hospitalized AFI patients without respiratory symptoms were influenza positive. 13 The reasons for variations in the proportion of influenza cases without or with unidentified respiratory symptoms among febrile patients may depend on study design and implementation. Regardless, in Ghana, a substantial proportion of hospitalized influenza patients present with difficult to detect or lacking respiratory symptoms.
Notably, the majority (77%) of AFI influenza cases were older than five years. The aforementioned Puerto Rico study also found the majority of detected influenza cases among hospitalized and outpatient AFI patients were older than five years. 13 Other studies have detailed a lack of respiratory symptoms among influenza cases, but those findings were primarily among children. In 2002, a study in France found 30% of influenza-positive inpatient and outpatient children had minimal or no respiratory symptoms. 10 Although we did not enroll neonates in our study, Bender et al. 11 showed that hospitalized and outpatient influenza cases in the United States <3 months of age often present with only fever.
Among SARI and AFI patients in our study, the timing of peak influenza caseloads and specific types and subtypes suggest possible year-long transmission with seasonal peaks (Figure 2 ) although further surveillance is required. Seasonality in influenza transmission is consistent with findings from other tropical countries 1, [14] [15] [16] including Tanzania 17 and Brazil. 18 In Senegal, influenza peaks also generally correspond to months with higher precipitation and humidity. 19, 20 As in Senegal and Brazil, seasonal influenza peaks generally correspond with the two rainy seasons in Ghana: May-June and August-September. Interestingly, the timing of precipitation (and corresponding increased humidity) and influenza case peaks correspond to regional climatic differences; southern Ghana experiences earlier case and precipitation peaks than northern Ghana. As our southern Ghana surveillance sites are closer to the equator than the northern site, the timing of peak influenza caseloads is similar to patterns observed in Brazil where influenza transmission occurs earlier close to the equator and moves later in the year away from the equator. 18 In French Guiana, Mahamat et al. 21 demonstrate influenza seasonality associated with increased rainfall. Additionally, a review from sub-Saharan African nations suggests influenza seasonality, aligning with the months of June-August and with timing generally corresponding to distance from the equator. 22 Influenza prevalence exhibits seasonality coinciding with the rainy season in Cote d' Ivoire. 23 Influenza diagnosed in children <11 years of age in Ghana exhibits slight seasonality during the months of May through July, again coinciding with the rainy season. 24 Our study has several limitations. The number of detected influenza cases was relatively small restricting our ability to conduct statistical analyses and observations. We did not enroll neonates in this study, potentially resulting in substantial underestimation of influenza cases in young children. After enrollment, we did not follow AFI patients to determine whether they developed respiratory symptoms. The 30-month study period consisted of two rainy season in 2011 and two in 2012. This limited our ability to fully examine seasonality and define a flu season in Ghana. Also, we did not collect data on host behaviors, including during the rainy season; such data could improve understanding of specifically how seasonality affects influenza transmission. Additional data on humidity and precipitation would allow for a clearer understanding of the link between influenza transmission and those climatic factors. Finally, missing outcome data reduced our ability to investigate disease severity among the study population.
Concurrent SARI and AFI surveillance revealed similar epidemiological pictures of influenza among hospitalized patients in Ghana in terms of demographics, (sub-)type distribution, and seasonality. However, the use of AFI surveillance highlighted a substantial underestimation of the number of influenza cases among the study population compared to SARI surveillance alone. Costs of additional surveillance efforts, even for a relatively short time period, may be justified when trying to improve understanding of influenza epidemiology to support public health interventions, such as vaccination and health education campaigns. Additionally, the evidence of seasonality in influenza transmission may inform the timing of potential influenza vaccination campaigns (and other interventions) in Ghana. Although these surveillance data provide a baseline for understanding the complexities of influenza epidemiology in Ghana, further research is warranted to explore influenza seasonality by region, disease severity and associated risk factors, and disease incidence in order to adequately inform public health policy decisions.
